We present initial observations of the newly-discovered active asteroid 313P/Gibbs (formerly P/2014 S4), taken to characterize its nucleus and cometlike activity. The central object has a radius ∼0.5 km (geometric albedo 0.05 assumed). We find no evidence for secondary nuclei and set (with qualifications) an upper limit to the radii of such objects near 25 m, assuming the same albedo. Both aperture photometry and a morphological analysis of the ejected dust show that mass-loss is continuous at rates ∼0.2 to 0.4 kg s −1 , inconsistent with an impact origin. Large dust particles, with radii ∼50 to 100 µm, dominate the optical appearance. At 2.4 AU from the Sun, the surface equilibrium temperatures are too low for thermal or desiccation stresses to be responsible for the ejection of dust. No gas is spectroscopically detected (limiting the gas mass loss rate to <1.8 kg s −1 ). However, the protracted emission of dust seen in our data and the detection of another episode of dust release near perihelion, in archival
INTRODUCTION
313P/Gibbs (formerly P/2014 S4), hereafter called "313P", was discovered on UT 2014 September 24 as a product of the on-going Catalina Sky Survey (Gibbs 2014) . Pre-discovery observations allowed the orbit to be accurately established, with semimajor axis 3.156 AU, eccentricity 0.242 and inclination 11.0
• . The Tisserand parameter with respect to Jupiter is T J = 3.13, consistent with main-belt membership and distinct from the orbits of Kuiper belt and Oort cloud comets, which have T J < 3 (Kresak 1982) . This is a new member of the active asteroids (a.k.a. main-belt comet) population (Hsieh and Jewitt 2006) , with an orbit in the outer asteroid belt (Figure 1 ). Dynamical transfer to the asteroid belt from the Kuiper belt and Oort cloud comet reservoirs is highly inefficient in the modern solar system, especially for low-inclination orbits (Fernandez et al. 2002 , Levison et al. 2006 . Indeed, long-term integrations of several active asteroids have shown billion-year stability of their orbits (Haghighipour 2009) , and an insitu origin seems likely for most. The active asteroids are driven by a surprising variety of mechanisms, from impact, to sublimation, to thermal fracture and to rotational instabilities, all previously thought to lie beyond the realm of observation (Jewitt 2012 ).
We initiated a program of observations designed to characterize 313P and to determine the origin of its activity; here we present its initial results.
OBSERVATIONS
Observations described here were taken using three telescopes. The Danish 1.5 meter telescope employed the DFOSC camera, which has a 0.39 pixel −1 image scale and a 13.7 ×13.7 field of view (Andersen et al. 1995) . Typical image quality was ∼1.4 . The observations were taken through a broadband R filter with the telescope tracked sidereally and short (180 s) exposures used to minimize trailing. The Hubble Space Telescope (HST) was used with the WFC3 camera (Dressel 2012 ) whose 0.04 pixels each correspond to about 42 km at the ∼1.4 AU distance of 313P. The Nyquist-sampled spatial resolution is ∼84 km. All observations were taken using the very broad F350LP filter (4758Å FWHM) which has an effective wavelength of 6230Å on a solar-type (G2V) source. From each orbit we obtained five exposures of 410 s duration. The Keck 10-m telescope was used to image and to obtain spectra of 313P in search of emission lines from gas. We employed the two-channel LRIS camera (Oke et al. 1995) having imaging scale 0.135 pixel −1 and tracked the telescope nonsidereally while autoguiding on fixed stars. Typical image quality during the observations was 0.8 to 1.0 FWHM and the nights were photometric to better than ±2%. We used broadband Kron-Cousins B, V and R filters, with calibration from nearby Landolt stars.
The observational geometry for the observations is summarized in Table 1 .
RESULTS

Morphology
Sample images of 313P are shown in Figure ( 2) along with vectors to indicate the antisolar direction (yellow) and the negative of the heliocentric velocity (green), projected into the plane of the sky. Images from adjacent dates (October 02 and 03 (Danish telescope) and from October 22 and 23 (Keck)) are visually similar and so are not shown separately in the figure, while images from November 06 are strongly affected by scattered moonlight and were used only to obtain an integrated magnitude. The object shows a single point-like nucleus from which emerges a diffuse, fan-shaped tail having clockwise curvature. The antisolar direction undergoes a large rotation as a result of changes in the observing geometry near opposition (Table 1) . The fan-shaped tail approximately follows this rotation while preserving its curvature in each of the panels of the figure. The morphology clearly shows that this is a dust tail.
The trajectories of dust particles relative to their parent nucleus are determined by the ratio of radiation pressure acceleration to local solar gravity, β, and by the initial velocity of ejection. The β ratio is inversely proportional to particle radius, meaning that the paths of ejected dust grains can be used to estimate the dust size from β (Bohren and Huffman 1983) . Figure ( 3) shows a set of syndynes (loci of positions of particles of a given β released at different times) and synchrones (positions of particles having a range of β but released from the nucleus at one time) over-plotted on data from four dates in 2014 October. The syndyne and synchrone models are computed under the assumption that the dust particles leave the nucleus with zero initial velocity (Finson and Probstein 1968) . Syndynes and synchrones represent two extremes of the style of particle ejection, and there is no physical reason to expect that a given comet should match one extreme or the other. However, Figure  ( 3) clearly shows that the tail of 313P is better approximated by syndyne trajectories than by synchrones. The syndynes, for instance, naturally reproduce the clockwise curvature of the tail seen in the imaging data. We therefore conclude that mass loss was more nearly continuous over the period of observation than impulsive. This is different, for example, from active asteroid 311P/PanStarrs in which a multiple tail system is very well matched by a set of synchrones . The axis of the dust tail is well-matched by particles with β ∼ 0.01 to 0.02, corresponding to grain radii a ∼ 50 to 100 µm.
A strong upper limit to the sunward extent of the coma of 313P may be set at 0.8 , corresponding to distance = 900 km in the plane of the sky. This is small compared to the sunward extents of the comae of active Jupiter family and Oort cloud comets and implies a low sunward dust ejection velocity. If we take as the turn-around distance of a dust particle ejected towards the Sun, and assume that the acceleration of the particle is constant, then the ejection speed is simply V = (2βg ) 1/2 . At heliocentric distance R = 2.4 AU, the local solar gravity is g = 10 −3 m s −2 . Substituting for and β gives V 4 to 6 m s −1 . This estimate is very crude because it neglects the effects of projection (so that the sky-plane is a lower limit to the true ) but nevertheless indicates that the ejection of optically dominant dust particles in 313P is slow. Very low ejection speeds were also measured in probable ice-sublimating active asteroid 133P/Elst-Pizarro and attributed to a small gas-drag acceleration length resulting from the small physical size of the exposed ice patch (Jewitt et al. 2014b ). The angular extents of the comae of Jupiter family and Oort cloud comets are typically comparable to an arcminute (i.e. about 10 2 times larger than in 313P) at the same heliocentric distance, and their characteristic dust radiation pressure factors are 50 to 100 times larger than in 313P (c.f. Jewitt and Meech 1987) . As a result, the ejection speeds implied by the above relation are about 10 2 times larger than in 313P and comparable to the thermal speeds in sublimated gas. The latter, given a local blackbody temperature of 180 K at 2.4 AU, is about 450 m s −1 .
Photometry
The apparent magnitudes of 313P, m λ (where λ is the effective wavelength of the filter used for the observation), were measured using circular projected photometry apertures up to 6.0 in radius, with background subtraction from a contiguous annulus having 12.0 outer radius (Table 2) . We used small (0.2 radius) aperture photometry from HST to constrain the nucleus of 313P and larger apertures to measure primarily scattering of sunlight by ejected dust. Photometric calibration of the ground-based data was obtained through nearsimultaneous measurements of standard stars from the list by Landolt (1992) . Calibration of the HST data was obtained using the HST exposure time calculator, from which we found that a V = 0 G2V star gives a count rate 4.72×10 10 s −1 when measured with a 0.2 radius aperture. Uncertainties in Table ( 2) were estimated from scatter in repeated measurements and do not include potential systematic errors caused, for example, by small differences in the filter systems used on different telescopes. We estimate that these errors are comparable to the statistical uncertainties listed in the Table, except that systematic errors on the HST data are larger (±10%) because of the use of the very broad F350LP filter and the uncertain transformation to standard astronomical V magnitudes.
Keck photometry summarized in Table ( (Holmberg et al. 2006) . Thus, 313P is slightly redder than the Sun, consistent with a normalized continuum reflectivity gradient S = 5 ± 2 %/1000Å across the optical spectrum and suggestive of the optical colors of Ctype asteroids, which are abundant in the outer asteroid belt (DeMeo and Carry 2013). As a note of caution, however, it should be remarked that these colors refer to the dust which dominates the scattering cross-section of 313P and that the nucleus could have, in principle, a different color.
The apparent magnitudes were corrected to unit heliocentric, R, and geocentric, ∆, distance and to zero phase angle, α, using the inverse square law m λ (1, 1, 0) = m λ − 5 log(R∆) + 2.5 log 10 (Φ(α)).
(
Here, Φ(α) is the phase function at phase angle α, equal to the ratio of the scattered light at α to that at α = 0 • . We assumed the phase function formalism of Bowell et al. (1989) with parameter g = 0.15, as appropriate for a C-type object. The phase function of 313P is unmeasured, introducing a small uncertainty into the value of m λ (1, 1, 0). However, even at the largest phase angles of the present observations (α = 13
• , Table 1 ), the difference between assumed C-type and S-type phase corrections is only 0.1 magnitudes, giving an estimate of the magnitude of the phase correction uncertainty. Absolute magnitudes are given in Table  ( 2) with their statistical uncertainties.
The absolute magnitudes are related to the effective scattering cross-section of the ma-terial within the photometry aperture, C e (km 2 ), by
where p λ is the geometric albedo of 313P and m ,λ is the apparent magnitude of the Sun, both at wavelength λ. We assume V = -26.77. The resulting scattering cross-sections are listed in Table ( 2), computed assuming p V = 0.05 with small adjustments for p B and p R as indicated by the broadband colors. Uncertainties on C e again reflect only statistical uncertainties, not systematic errors introduced by the phase function or uncertainties in the magnitude and color of the Sun.
Figure (6) shows the scattering cross-section, C e , derived from 6.0 radius aperture photometry (Table 2) , plotted as a function of time (expressed as Day of Year (DOY), c.f. Table 1 ). The Figure shows that the cross-section rises over a ∼month-long period, with the peak value, C e = 10 km 2 (DOY 287) occurring ∆t = 12 days after the minimum C e = 7 km 2 (DOY 275). The increase in the cross-section by ∆C e = 3 km 2 can be interpreted in terms of the ejected dust mass using ∆M d = 4/3ρa∆C e , where ρ is the dust density and a is the mean particle radius. We assume a nominal ρ = 10 3 kg m −3 and set a = 50 to 100 µm (as suggested by the syndyne fits in Figure 3 ), to find ∆M d ∼ (2 to 4)×10 5 kg. The corresponding effective mass loss rate is dM d /dt ∼ ∆M d /∆t ∼ 0.2 to 0.4 kg s −1 . Obviously, this estimate is very crude and can be improved by better treatment of the dust particle size distribution (to better define a) and by the acquisition of photometry with a higher time resolution. Strictly, this is the increase in the mass loss rate over and above the rate on DOY 275. Nevertheless, it serves to show that the tail of 313P can be supplied by a very modest (<kg s −1 ) increase in the dust production rates.
Nucleus
Aperture photometry mixes light scattered from the nucleus with light scattered from near-nucleus dust. The least model-dependent upper limit to the nucleus is set by V 0.2 , which corresponds to scattering cross-sections of 3.32±0.03 km 2 and 3.08±0.03 km 2 on October 14 and 28, respectively (Table 2) . A limit to the effective circular radius of the nucleus is computed from r n = (C e /π) 1/2 , giving r n = 1.03 km on the former date and r n = 0.99 km on the latter. The statistical uncertainties on these radii are <1% but the actual uncertainties are much larger, possibly rising to several tens of percent, as a result of the unmeasured phase function and geometric albedo. In any case, this measurement at best sets only an upper limit to the nucleus radius, which we take as r e 1 km.
To attempt to place a more stringent limit on the nucleus radius, we next determined the surface brightness profile from the HST data using circular photometry annuli centered on the nucleus. Background subtraction was obtained from a larger, concentric annulus having inner and outer radii 6.0 and 12.0 , respectively (Figure 4) . The resulting profiles from October 14 and 28 are nearly indistinguishable at the scale of the figure but quite different from the normalized point spread function (PSF) of WFC3, as computed using the TinyTim modeling software (Krist et al. 2011) . For all radii r 0.2 , the surface brightness of 313P exceeds that of the normalized PSF by an order of magnitude or more as a result of scattering by dust.
In the radius range 0.2 ≤ r ≤ 1.0 , the coma surface brightness follows a power law, Σ(r) ∝ r −p , with a least-squares fit index p = 1.64±0.01 on both October 14 and 28. This index is steeper than the canonical p = 1, expected of a steady-state, isotropic coma expanding at constant speed, but close to the p = 3/2 expected of an expanding coma in which the grains are accelerated by solar radiation pressure (Jewitt and Meech 1987) . We used the fit to Σ(r) to extrapolate the surface brightness inwards to r = 0, then integrated 0.2 0 2πrΣ(r)dr to estimate the brightness expected of the coma in the absence of a contribution from the nucleus. We define R as the ratio of the cross-section of the nucleus, C n , to the total cross-section of nucleus plus dust in the central 0.2 , the latter given by C e from Table (2). We find R = 0.25±0.02 on October 14 and R = 0.28±0.02 on October 28. With C e from Table ( 2) we obtain C n = 0.83±0.07 km 2 and 0.86±0.06 km 2 on October 14 and 28, respectively. These cross-sections correspond to equal-area spheres of radii r n = 0.51±0.02 km and 0.52±0.02 km, respectively. The formal uncertainties on r n , as well as the close agreement between the two values, suggest a pleasing accuracy which, however, is greater than realistically possible from our data. We have no evidence, for example, that Σ(r) follows the same (or any) power law down to the nucleus, the phase function is unmeasured and the value of the geometric albedo is little more than a guess. Nevertheless, we can reasonably conclude from the photometry that the nucleus of 313P is a sub-kilometer body, with a best estimate of the radius being r n = 0.5 km.
We also searched the HST images for evidence of companion nuclei, such as might be produced by fragmentation of the primary body. No such companion nuclei were found. To set limits to the brightness of any such objects, we placed artificial objects on the field and measured the faintest that could be reliably detected by eye. The complexity of the surface brightness distribution prevents us from asserting a single value of the upper limit to the size of companion nuclei. However, over most of the field we could reliably detect objects with V ≤ 27.8 (measured within a 0.2 radius circle). This is ∼7 magnitudes fainter than the primary, giving an upper limit to the radius of about 25 m, assuming 0.05 geometric albedo. Weaker limits (and larger limiting radii) apply within an arcsecond of the nucleus and in the brighter regions of the tail seen in Figure ( 2).
Spectrum
The optical spectrum was measured on UT 2014 October 22, in order to search for emission features due to gas. In the optical spectra of comets, the brightest accessible emission line is the bandhead of CN at 3888Å. Accordingly, we employed the spectroscopic mode of LRIS with the 400/3400 grism, giving a dispersion of 1.07Å pixel −1 and a 1 wide slit, yielding a resolution of ∼7Å FWHM near 3900Å. A total of 2700 s of spectral data were secured, divided into three separate integrations each of 900 s in order to facilitate the removal of cosmic rays. We used images of field stars to measure the fraction of the light passing through the 1.0 wide slit as f s = 0.4 (the instantaneous seeing for this measurement was 0.9 FWHM). Beyond securing a sufficient signal, the main problem in the search for gas is the imprint of telluric and solar absorptions on the asteroid spectrum. In the past, we have used solar analogue stars to cancel these features, but rarely find these stars to offer a good match to the absorption line spectrum of the Sun. Instead, we observed the nearby V ∼ 13.0 asteroid (458) Hercynia reasoning that, although its continuum slope may differ from that of 313P (since Hercynia is an S-type), the all-important fine-scale spectral structure should be exactly the same. (Arvesen et al. 1969) . Therefore, the continuum flux density at the CN band is 9.8×10 −18 erg cm −2 s −1Å−1 . Based on the standard deviation of the local continuum, the 5σ limit to the flux density from CN is 9.8×10 −19 erg cm −2 s −1Å−1 , corresponding to an average flux across the 70Å CN window of 6.9×10 −17 erg cm
The 1.0 ×2.7 slit samples only a fraction of the total area of the coma potentially occupied by CN molecules, requiring the use of a model to correct to the total population. We integrated a Haser model over the above slit area for this purpose. With g-factor, g = 4.0×10 −14 erg s −1 molecule −1 (Schleicher 2010) and an assumed outflow speed of 500 m s −1 , we obtain 5σ limit to the CN production rate Q CN < 1.8×10 23 s −1 . In comets, the average ratio of CN to water production rates is Q H 2 O /Q CN ∼ 360 (A' Hearn et al. 1995) . If applicable to 313P, this ratio would imply a 5σ limiting production rate Q H 2 O < 6×10 25 s −1 , corresponding to 1.8 kg s −1 . This low value is orders of magnitude smaller than found in typical near-Sun Jupiter family comets, but representative of rates deduced spectroscopically for other active asteroids (Jewitt 2012 In 313P, the derived limit to the production rate in gas (<1.8 kg s −1 ) is formally consistent with the increase in the dust production rate (∼0.2 to 0.4 kg s −1 ) estimated from photometry in Section (3.2). However, comparison of these rates to estimate the dust/gas ratio in 313P is complicated by our lack of knowledge of the temporal variability of the mass loss. Gas molecules, traveling at V ∼ 500 m s −1 leave the vicinity of the nucleus much more quickly than do dust particles (ejection speeds V 4 to 6 m s −1 ). Therefore, it is possible that we did not detect gas in 313P simply because it had dissipated in the days before the spectroscopic observation on October 22.
DISCUSSION
The central issue is to identify the source of the activity observed in 313P. Observations of other active asteroids have revealed a remarkably diverse set of mechanisms (Jewitt 2012 Even from limited data, we can begin to eliminate some of these mechanisms as likely drivers of the mass loss in 313P. Impact should produce a nearly instantaneous rise to maximum light followed by steady fading as the debris recedes from the nucleus. Our data are inconsistent with an impact origin because the photometry does not show the expected, steady fading (Table 2 ). The heliocentric distance is too large, and the temperature too low, to suggest that thermal fracture and desiccation are significant dust sources in 313P. We also reject rotational mass shedding, as observed in 311P/PanSTARRS , Hainaut et al. 2014 , Moreno et al. 2014 where dust is briefly released with zero initial velocity, producing synchrone-like dust tails. In contrast, the dust emitted from 313P is better matched by protracted emission of particles (syndynes). Furthermore, 313P shows no multiple nucleus structure or evidence for companions (with a limiting radius near 25 m), providing no evidence for break-up of the sort seen in P/2013 R3 (Jewitt et al. 2014a ).
The observed protracted ejection of material is consistent with the action of sublimation. At R = 2.4 AU, a dirty ice surface (Bond albedo 0.05) exposed at the subsolar point sublimates in equilibrium with sunlight at the specific rate F s = 5.6×10 −5 kg m −2 s −1 . The area of an exposed ice patch needed to sustain mass loss at the rate dM d /dt is
where r s is the circular equivalent radius of the sublimating patch and f dg is the ratio of the dust to gas production rates. We conservatively take f dg = 10 (the value in 2P/Encke is 10 ≤ f dg ≤ 30, Reach et al. 2000) and substitute dM d /dt = 0.2 to 0.4 kg s −1 to find r s = 11 to 15 m. Ice located away from the subsolar point would sublimate less rapidly but, even so, we obtain values of r s very small compared to the 500 m radius of the nucleus of 313P, with fractional areas corresponding to only ∼10 −3 of the surface of the asteroid. Sublimation would naturally account for the protracted ejection shown by 313P, and might explain why 313P was only just discovered, since sublimation is expected to be strongest close to perihelion (UT 2014 August 28). The rate of recession of a sublimating surface is ∼ F s /ρ. Given bulk density ρ = 1000 kg m −3 , the surface would recede at ∼560Å s −1 . In the ∼1 month period of observations described here, the surface would recede by a distance ∼10 cm. The nature of the trigger needed to expose ice in the first place is unknown, but could be a disturbance by an impact or a local avalanche. (Table 1) . This puts 313P in the same category of active asteroids as 133P/Elst-Pizarro and 238P/Read, both of which exhibit protracted episodes of activity at more than one perihelion (Hsieh et al. 2004 , Moreno et al. 2013 . Measurements from the archival data are underway and will be reported in a later paper. The elongation of 313P at the previous perihelion (UT 2009 January 19) was less favorable for optical observations and we are aware of no reported detections.
We note that the orbit of 313P is very close to those of active asteroids 238P and P/2012 T1, and that the semimajor axis is close to that of 133P (Figure 1) . The evidence thus points to a group of active asteroids in the outer belt exhibiting similar photometric properties and, presumably, being driven by a common process, which we believe to be the sublimation of near-surface ice.
One difference between 313P and 133P is that, whereas the former displays a prominent fan-shaped dust tail, the latter is morphologically distinguished instead by a parallel-sided trail of more slowly-moving, older and much larger particles (up to at least centimeter size; Jewitt et al. 2014b) . Part of the difference in appearance between the two could be a result of the different viewing geometries, with 313P observed from ∼7
• above the orbital plane (Table 1) while the corresponding angle for observations of 133P is ≤1.4
• . However, the complete absence of material appearing along the projected orbit (c.f. Figure 3) suggests that 313P is deficient in the very largest, most slowly-moving particles, or that they have yet to travel far enough from the nucleus to populate a distinct trail. We conjecture that 313P is a "young" version of 133P, and is dominated by the continuing ejection of particles of modest size. If so, we expect that its morphology will evolve to more closely resemble that of 133P as large particles drift slowly away from the nucleus to form a parallel-sided trail. Meanwhile, small-to-moderate sized particles should disperse under the action of solar radiation pressure. Additional observations are planned to monitor the development of 313P, to show whether or not it becomes more 133P-like, and to better define the progress of its activity.
Lastly, we remark on the likely connection between sublimation and rotational disruption. Mass-loss torques on a sublimating icy body can be orders of magnitude larger than radiation torques, resulting in very short timescales for changing the spin. The e-folding timescale for changing the spin of a body from the torque due to non-central mass-loss is (Jewitt 1997) 
where ω is the initial angular frequency of the rotation, ρ is the bulk density, V and dM/dt are the speed and rate at which mass is ejected and k T is the dimensionless moment arm (i.e. the moment arm of the torque expressed in units of the radius, r n ). The r 4 n dependence in Equation (4) renders the small nucleus of 313P (r n = 0.5 km) highly susceptible to spin-up by outgassing torques and raises the possibility of future rotational break-up.
To estimate τ s from Equation (4), we note that the limiting values of k T are 0, corresponding to mass loss in a jet radial to the nucleus surface and 1, corresponding to a jet tangential to the surface. Images of comets from spacecraft show that the jets are more nearly radial than tangential, meaning that k T 1. A simplistic model gives k T ∼ 0.05 (Jewitt 1997) , while measurements of spin-changes give 0.005 ≤ k T ≤ 0.04 for active Jupiter family comet P/Tempel 1 (Belton et al. 2011 ) and k T = 4×10 −4 for P/Hartley 2 (Drahus et al. 2011) . We take 10 −3 ≤ k T ≤ 10 −2 as a compromise and adopt ω = 3.5×10 −5 s −1 , corresponding to a nominal 5 hour rotation period, ρ = 1000 kg m −3 and V = 500 m s −1
as the speed of the outflowing gas (Biver et al. 1997) . Then, setting dM/dt 1 kg s −1 , the maximum value allowed by the spectroscopic non-detections of gas (Section 3.4), we find a sublimation-driven spin-up time τ s 10 to 100 yrs. This estimate should be increased to account for the fact that outgassing is likely to be sustained only over the portion of the orbit near perihelion. Even so, this very short time (ranging from a few to a few tens of orbital periods) shows that spin-up by outgassing can efficiently change the spins of small active asteroids, even with outgassing rates less than 1 kg s −1 . Rotation and sublimation working together have already been implicated in the prototype active asteroid 133P/Elst-Pizarro (Jewitt et al. 2014b ) whose spin-up time (r n = 2.2±0.5 km; Hsieh et al. 2004 , Jewitt et al. 2014b ) is, however, much longer (5500 ≤ τ s ≤ 55,000 yrs under the same assumptions as listed above). Asteroid (62412) 2000 SY178 is also known to be a rapid rotator (Sheppard and Trujillo 2014) . The tiny precursor to disrupted asteroid P/2013 R3 (estimated radius r n ∼ 350 m, Jewitt et al. 2014a ) could have been quickly driven to breakup by outgassing torques, if ice were exposed on its surface. Outgassing from 313P may yet drive the nucleus to rotational break-up.
SUMMARY
313P/Gibbs is a ∼0.5 km radius (geometric albedo 0.05 and C-type asteroid phase function assumed) body located in the outer asteroid belt. Observed at Hubble Space Telescope resolution (∼84 km) it is a single body that emits dust at rates ∼0.2 to 0.4 kg s −1 . Both aperture photometry (showing a scattering cross-section that increases with time) and dynamical analysis of the tail show that dust ejection is protracted (not impulsive). No emission lines are spectroscopically detected, setting (indirect) limits to the production rate of water <1.8 kg s −1 .
The cause of the activity in 313P cannot be definitively established from the available data. Nevertheless, some explanations are more plausible than others and some can be ruled-out. Asteroid-asteroid impact is ruled-out because it should produce dust impulsively, followed by monotonic fading that is not observed. There is no evidence for rotational breakup under the action of YORP or other torques, since the nucleus remains singular. Another kind of rotational instability, so-called "mass shedding" (as seen in active asteroid 311P), produces synchronic tails which are absent in 313P/Gibbs. Our preferred explanation is that equilibrium sublimation of dirty water ice from an exposed patch covering only a few hundred square meters (∼10 −3 of the surface) accounts for the measured dust production. Sublimation naturally explains the protracted nature of the activity, and its recurrence near perihelion in both 2003 and 2014. 313P/Gibbs shows both physical and orbital similarities to several other suspected ice-sublimating bodies, consistent with a high abundance of ice in the outer asteroid belt near semimajor axis 3.1 AU. Table 1 ). Each panel has North to the top, East to the left. Table ( 2). The measurements at DOY 287 and 301 have been plotted with ±10% error bars to illustrate the systematic uncertainty resulting from the use of the very broad F350LP filter and the uncertainty in the transformation to standard V magnitudes. The measurement at DOY 310 has a larger uncertainty owing to scattered moonlight. 
